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Outline

• LUX detector 

• Who - the LUX collaboration

• What - dark matter direct detection experiment

• Where - Sanford Underground Research Facility, Lead, SD

• Current experimental results 

• Surface commissioning (Winter 2012)

• Underground data (Jan 2013 - present)
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The LUX Detector

Water tank

Cryostat

Source tubes

Breakout cart
Thermosyphon

LUX is dark matter direct 
detection experiment using 

350 kg liquid Xe to search for 
elastic scattering of WIMPs 

off of Xe nuclei

4Nucl. Instrum. Meth. A 704, 111-126 (2013)
WIMP search energy region 

~few keV to a few tens of keV



LUX - A TPC at heart

5

Record both primary (S1) scintillation signals and secondary (S2) 
scintillation due to electrons drifting away from primary event site

Extract electrons from liquid

Electroluminescence

All recoils in Xe produce charge & light 
- ratio of charge to light gives 

discrimination against backgrounds



Self-shielding of LXe reduces backgrounds
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LUX Simulation



LUX Cryostat
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Hamamatsu R8778, 
12 stage 2.2” PMTs
(61 top/61 bottom) 

Constantly circulate and 
purify Xe in gas phase

Use thermosyphons for 
efficient, passive cooling

Radiopure Ti < 0.2 mBq/kg



LUX Inner Detector
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LUX Water Shield
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300 T de-ionized water shield,
20ʼ high, 25ʼ diameter SS tank to

- reduce cavern & cosmogenic backgrounds

Instrumented with 20 Hamamatsu R7081 10” 
diameter PMTs for veto of coincident NR candidates

103 suppression of neutrons
109 suppression of γs



Detector calibration
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Collimation Hole 
Reducer (Tungsten)

Tungsten Shield

Tungsten Shield
Back Plate

Source

Casing (SS)

Casing (SS)

Handle

External sources:
241AmBe, 137Cs, D-D neutron generator

Internal sources:
83mKr, 3H

Due to self-shielding of LXe, internal sources preferable



Sanford Underground Research Facility (SURF)
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Former Homestake gold mine - 
repurposed as a “science mine”

Lead, SD, located in Black Hills
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LUX at SURF

Muon flux at 4850’ level reduced 
by 107 relative to the surface

55.2 m−2s−1 → 1×10−5 m−2s−1



LUX in the Davis Campus

13

Clean room

Water tank

Cryostat

Control room Breakout system
Liquid nitrogen system

Xenon 
recovery
bladder Gas system



Detector deployment underground
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Detector transported underground July 11-12, 2012, deployed in autumn of 2012
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Current Experimental Results



Surface Commissioning
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Above ground operation Dec 2011 - Feb 2012

Tune simulation to match data

137Cs source 
662 keV γ

Obtain electron drift length of 25 cm

Astropart. Phys. 45 (2013) pp 34-43



Demonstrate position reconstruction
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5 mm

Projection along the wires

Grid

E1

E2>E1

Estimate resolution of ~7 mm 
for high-energy events



Underground operation since January, 2013
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83mKr gas events injected 
into gas circulation line, 

1.8 hr half life



Backgrounds in underground data
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single+multiple scatters
r < 21 cm

13 cm < z < 46.5 cm

See poster by D. Malling for details!
LUX Preliminary



Tune simulation to high-energy backgrounds
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Predicted backgrounds from SOLO 
screening of PMTs (top/bottom), 

superinsulation, and plastic thermal 
insulation (sides)

Black - Data
Grey - Initial guess

Red - Best Fit

No radial selection
12 cm < z < 47.5 cm

LUX Preliminary



Radon-related backgrounds
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Can easily pick out α recoils in data due to high light to charge ratio,
β can be used to tag Bi-Po coincident decays

Potential backgrounds 
in DM search region
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Estimating Rn-related backgrounds in data
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See poster by A. Bradley for details!

LUX Preliminary LUX Preliminary
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Where are the Rn daughters located?
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See radon progeny 
distributed throughout 
detector, except 210Po 
which is expected to 

occur on surfaces due to 
plate-out of 210Pb



Top-down view of Rn progeny
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See x-y localization of thoron decays



Measured rates of α recoils from Rn chain
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Observe ~20 mHz 222Rn rate, approximately stable during underground operation
Also observe 3 mHz 220Rn rate ⇒ 232Th contamination in detector

210Po rate reflects 210Pb plate-out on surfaces prior to underground deployment

LUX Preliminary



Implications
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See approximately steady rate of radon progeny during 
underground running, the sources of which are under investigation. 

However, 
contributions to our WIMP search background are within 

previous background estimations.

Range bounded by measured 218Po and 214Po α recoil rates

LUX Preliminary



Independent check of 214Pb background rate
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Estimate rate of 214Pb β decay directly from energy spectrum

LUX Preliminary

Obtain rate of 8.3 mBq, corresponding to background rate in 
WIMP search of 0.23 mdruee

LUX Simulation



Activated Xenon
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Projections
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• LUX has been operating 
underground since spring 2013

• Stable detector operation has 
been achieved!

• Expect first WIMP search result 
to be announced in autumn 2013!



Backup
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Contribution of predicted backgrounds
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Simulated background distribution in detector
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LUX Simulation



Measured Rn daughter energies
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Gamma+X
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